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Pure cultures of dermal fibroblasts and epidermal ker-
atinocytes have been obtained from a single biopsy of 
newborn foreskin. The cells were labeled, exposed to 
several doses of UV light, and allowed to repair in the 
dark for 16 hr. The number of pyrimidine dimers before 
and after repair was assessed by measuring the numbers 
of sites in the DNA sensitive to a specific UV endonucle-
ase. At all doses used, the extent of repair was similar in 
the cultured keratinocytes and cultured fibroblasts. 
UV light is a known carcinogen and long-term exposure in 
humans can lead to tumors of the skin [1]. One type of photo-
product in DNA thought to be involved in the initiation of the 
neoplastic process is cyclobutylpyrimidine dimers. Repair of 
this lesion may be achieved in a number of ways, photoreacti-
vation, excision repair, and postreplication repair [2]. The cells 
of xeroderma pigmentosum individuals are defective in one or 
more of these repair systems [reviewed in 2-5] and since the 
individuals are prone to sunlight induced skin cancer the effi-
ciencies of repair systems are important in ameliorating the 
carcinogenic effects of ultraviolet radiation [5]. Excision repair 
has been well studied in cultured dermal fibroblasts and pe-
ripheral leukocytes but has not been observed directly in the 
cells of the germinative layer of skin. Basal cells in intact skin 
respond to UV radiation by carrying out unscheduled DNA 
synthesis (synthesis during non S-periods that is a measure of 
excision repair) and xeroderma pigmentosum cells are defective 
in unscheduled synthesis [6]. However the relative efficiencies 
of excision repair in basal cells and in fibroblasts have not been 
reported. 
In 1975 Rheinwald and Green [7] reported a technique for 
serial and clonal cultivation of human epidermal keratinocytes. 
When keratinocytes are seeded with 3T3 fibroblasts lethally 
irradiated with y-rays, the keratinocytes grow into macroscopic 
multilayered colonies that retain many of the differentiative 
functions of the original epidermal cells ie., they replicate the 
basal layer, are linked by numerous desmosomes, synthesize 
keratin proteins [8], contain abundant tonofliaments, and in 
the superficial layer become flattened, cornified [9] and are 
ultimately shed into the medium. This culture system makes 
possible specific studies on how epidermal cells repair UV 
induced DNA damage. We report here a comparison of the 
extent of dimer excision in keratinocytes and fibroblasts derived 
from the same individual. 
MATERIALS AND METHODS 
Minced fragments of foreskin were cultured as described [10] in 
Dulbecco's minimal essential medium (80%), fetal calf serum (20%, 
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Microbiological Associates), 10 mM HEPES, penicillin (100 U/ml) and 
streptomycin (100 /Lg/ ml) . The medium was replaced twice weekly. 
After 2 to 3 weeks both keratinocytes and fibroblasts had grown out 
from the tissue and were ready for their first passage. To separate the 
fibroblasts and the keratinocytes, the cultures were triturated with .02% 
EDTA in phosphate buffered saline (PBS) for several minutes. This 
dislodged the fibroblasts from their attachments. The fibroblasts were 
collected by centrifugation and reseeded in fresh medium. Keratino-
cytes required a 5-15 min exposure to a mixture of 0.01 % EDTA and 
0.05"f. trypsin at 37°C and vigorous trituration to become disaggregated. 
The keratinocytes were reseeded into dishes containing feeder layers of 
mitomycin-C treated 31'3 cells [10J in the above medium supplemented 
with 0.1 I-'g/ ml hydrocortisone and 0.01 /Lg/ ml epidermal growth factor 
(Collaborative Research, Waltham, Mass.). The feeding schedule for 
epidermal growth factor has been described [11]. Keratinocyte attach-
ment and growth is evident in 1-2 days and after 7-10 days the colonies 
of keratinocytes were subcultured [10]. Some fibroblasts were evident 
in the 7-10 day cultures. These contaminants could be removed by 
triturating with EDTA prior to dislodging the keratinocytes. After 2 
passages no further fibroblast contamination was evident. 
Cultures in 6O-mm plastic dishes in their third passage were fed 
medium containing 0.04 /LCi/ml thymidine-2-C" (51.3 mCi/mmol, New 
England Nuclear) or 0.3 /LCi/ml thymidine[methyl-,lH1 (20 Ci/mmol, 
New England Nuclear) . The label was added to the fibroblasts in late 
log phase and to the keratinocytes when multilayered colonies covered 
about four-fifths of the surface of the dish. Thirty-six hours later the 
("H) labeled cultures were irradiated with primarily 254 nm radiation 
from 3-15 W germicidal lamps. The cells, rinsed twice with PBS and 
covered by 2.5 ml of PBS, were irradiated for different times at a dose 
rate of 0.72 W/ m'. Unlabeled growth medium was returned to the 
plates and they were incubated at 37°C for 16 hr. At this time the ("C) 
labeled cultures were irradiated with the same doses as de1.ivered to the 
("H) labeled cells. ("H) and (lie) labeled cells were removed from the 
plates with trypsin and mixed together so as to supply a sample 
containing irradiated cells part of which had been incubated to permit 
repair to take place ("H) and part of which had no opportunity for 
repair ("C). The 31'3 feeder cells were removed with 0.02% EDTA 
before harvesting the keratinocytes. 
The densities of pyrimidine dimers in the 2 DNAs were measured by 
extracting the DNAs from the cells, treating them with an extract from 
Micrococcus luteus that has endonuclease activity specific for dimers, 
and measuring the numbers of single strand nicks per dalton by 
sedimentation in alkali [121. The details of our technique have been 
described [131- After the enzymatic reaction was complete the DNA 
was sedimented at 50,000 rpm in alkaline sucrose in a SW 60 rotor in a 
Beckman 1.5-50 centrifuge. Centrifugation times were from 60 to 160 
min depending on the molecular weight expected. 
From the distribution of radioactivity we calculated the weight 
average molecular weight, M. , and assumed that the number average 
molecular weight, M .. equals Mw/2. The number of breaks per dalton 
is 11M .. and the number of endonuclease sensitive sites (pyrimidine 
dimers) removed per dalton in 16 hr is (l/M n)" - (l/M n), •• Since the 
number of nicks introduced into unirradiated DNA by the endonuclease 
is less than 10 9 per dalton, the number of endonuclease sites in the 
(IIC)-Iabeled ON A, as a result of irradiation, may be taken as (l / M .. ),ndn 
minus (I / Mn ) .. " N,rl... • 
RESULTS 
Figure 1 shows typical alkaline sucrose gradients of the DNAs 
of irradiated keratinocytes. It is apparent that the endonuclease 
makes an appreciable number of nicks in the DNA of irradiated 
cells and that the number of nicks is smaller if the irradiated 
cells are incubated 16 hr before DNA extraction. The initial 
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FIG 1. Proftles after 100 min of centrifugation in alkaline sucrose of 
DNAs from irradiated keratinocytes. a, Cells irradiated with 10 Jm 2 
and DNA extracted and treated with UV endonuclease immediately 
after irradiation, - e- (Mw = 7.1 X lOh ) or 16 hr after irradiation -
0 - (M w = 12.0 x 10'\ b, Cells irradiatd with 30 Jm 2 and treated as in 
(CL) . Immediately after irradiation Mw = 3.7 X 10" and 16 hr after 
irradiation Mw = 5.6 X 10". DNA extracted immediately after irradiation 
but not treated with endonuclease, ... .D .. .. , had Mw = 33.3 X 10". The 
proftle for DNA extracted 16 hr after irradiation (not shown) had Mw 
= 40.9 X 10". 
numbers of endonuclease sites increase with dose for keratino-
cytes and fibroblasts (Fig 2) but the increase is slower for 
keratinocytes presumably because of their growth in multilay-
ers (see Discussion). 
Figure 3A shows the numbers of endonuclease sites removed 
from parental DNA in 16 hr as a function of the initial radiation 
dose. The curves for keratinocytes and fibroblasts have similar 
shapes as is readily seen when sites removed are plotted against 
the initial number of sites rather than the dose (Fig 3B). The 
maximum number of sites removed in 16 hr is about 30 per 108 
dalions, and, because there is such a maximum, the fraction of 
sites removed decreases steadily with dose (Fig 3C). 
DISCUSSION 
Our knowledge of how epidermal cells repair UV damage is 
based primarily upon experiments with cultured dermal fibro-
blasts. Using a modification [10] of the Rheinwald-Green tech-
nique [7] for culturing epidermal keratinocytes we have shown 
that the extent of dark repair of pyrimidine dimers in 16 hr 
following UV radiation is similar in fibroblasts and keratino-
cytes. For example, after a UV dose that induced approximately 
35 pyrimidine dimers per 108 daltons of DNA, both cell types 
removed approximately 50% of the dimers from parental DNA 
in a 16-hr period. However, keratinocytes consistently removed 
a slightly smaller percentage of dimers than did fibroblasts. We 
do not know if this slight difference is biologically significant. 
Fluctuations resulting from cell age or from possible individual 
to individual variation have been eliminated by using the fibro-
Vol. 73, No.3 
blasts and keratinocytes from a single biopsy specimen and at 
the same state in passage. In fibroblast cultures there is little 
transfer of dimers from parental to daughter DNA strands 
during postreplication repair [14,15]. Moreover UV irradiation 
slows progression through the cell cycle and although we have 
not investigated this inhibition in keratinocytes, we feel safe in 
assuming that the observed loss of endonuclease sensitive sites 
represents excision of dimers. Our results help to validate the 
fibroblast culture system as a model system in the investigation 
of UV light related epidermal disorders. 
In keratinocyte colonies, as in intact skin, basal cells replicate 
transit the surface, undergo differentiation and desquamate: 
Since the doubling time for keratinocytes in culture is 24 hr 
[7J, the 36 hr exposure to radioactive thymidine used in this 
experiment would have labeled primarily cells in the basal 
layer. Since the keratinocyte colony is multilayered the actual 
dose of UV radiation to the basal cells is less than that incident 
on the surface and this consideration is sufficient to explain 
why the number of pyrimidine dimers induced in the keratin-
ocytes was less than in the fibroblasts at equivalent surface 
doses. 
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FIG 2. The density of endonuclease sensitive sites ver.~us incident 
UV dose to libroblasts or keratinocytes. 
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FIG 3. The loss of endonuclease sensitive sites in 16 hr in irradiated 
libroblasts and keratinocytes. a, Sites removed versu,s incident doses. 
b, Sites removed ver.~us the initial density of sites. c, The percentage of 
sites removed versus the initial density of sites. 
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1979 United Scleroderma Foundation Award 
The United Scleroderma Foundation awarded $3000 to Michael T. Kovalchik, Stephen Guggenhein, 
Michael Silverman, James S. Robertson and James Steigerwald for their paper "The Kidney in Progres-
sive Systemic Sclerosis, A Prospective Study" (Ann lnt Med 89:881-887, 1978) . Half the award went to 
Dr. Kovalchik, and half went to The University of Colorado for continuing scleroderma research. 
The foundation again plans to award $3,000 for the best original scleroderma research paper published 
in 1979. The establishment of an award carries with it the hope that it will act as an incentive to study 
this chronic disabling disease. 
The award is designed for the individual or group whose investigative work in this field has been 
outstanding. Names of applicants for the award, together with supporting data, should be submitted for 
consideration by September 1, 1979. Results of the research must have been presented at a scientific 
medical meeting or published in a recognized medical journal. The award recipient will be determined by 
a committee. 
Address all communications to Denny L. Tuffanelli, M.D., Department of Dermatology, University of 
California School of Medicine, San Francisco, Calif. 94143. 
